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exchanger and through-type metal catalyst capable of rapidly
dissipating heat generated during single-stage WGS reaction
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MICRO-CHANNEL WATER-GAS SHIFT
REACTION DEVICE HAVING BUILT-IN
FLOW-THROUGH-TYPE METAL CATALYST

TECHNICAL FIELD

The present invention relates to a micro-channel WGS
reaction device including a through-type metal catalyst
embedded therein. More specifically, the present invention
relates to a micro-channel WGS reaction device using a
through-type metal catalyst and a feed-through metal cata-
lyst, whereby it is possible to rapidly remove the heat gener-
ated while high-concentration CO is processed in a single-
stage WGS reaction device in a high-temperature section in
the water-gas shift (WGS) reaction for before-combustion
carbon capture and storage (CCS) and hydrogen production
from coal gasification.

BACKGROUND ART

Various technical portfolios are applied to reduce green-
house gas for prevention of global warming, but recently a
CCS (carbon capture and storage) technology for capturing
and storing CO, is coming to the fore as a controllable large-
volume greenhouse gas processing technology. The capture
technology applied to the power plant as a technology,
whereby CO, is transported to a reservoir and stored to be
isolated after it is captured from a large-volume carbon diox-
ide discharge source, can be classified largely into after-
combustion CO, capture, before-combustion CO, capture
and oxygen combustion CO, capture technologies. Of these,
the before-combustion CO, capture technology is a technol-
ogy, in which various fossil fuels are partially oxidized to
manufacture synthetic gas (H,+CO) as shown in FIG. 1 and
subsequently it is converted to hydrogen and carbon dioxide
through water gas transition reaction and then hydrogen or
carbon dioxide is separated, so that carbon dioxide is captured
before it is discharged as a flue gas. This technology is a
technology for not only capturing carbon dioxide but also
producing hydrogen, and is assessed as a core technology for
moving to a future hydrogen economy society. Because, not
petroleum, but coal, biomass and organic waste can be used as
araw material, it is a future development technology in prepa-
ration for petroleum depletion and high oil prices. Factorial
technology for development of before-combustion capture
technology can be divided largely into a refinement field for
removing impurities after gasification, a water gas transition
and reaction field for converting synthetic gas into hydrogen
and carbon dioxide, and a H,/CO, separation field for sepa-
rating the generated hydrogen and CO, from each other.

Thus, water-gas shift (WGS) is indispensable for before-
combustion carbon dioxide capture (CCS) from coal gasifi-
cation and hydrogen production. Such WGS reaction is an
exothermic reaction as shown in Reaction Formula 1, and
generally goes through double-stage reaction of high tem-
peratures (400 to 450° C.) and low temperatures (200 to 250°
C).

CO+H,0 ¢ H,+CO, reaction

heat: -41.1 kJ/mol (Reaction Formula 1)

The synthetic gases generated from coal gasification
include high-temperature, high-pressure and high-concentra-
tion CO. For example, synthetic gases produced from
Conoco-Philips E-Gas include 37 mol % of CO at 42 atm and
927° C. In the case of high-concentration CO like this, a
double-stage WGS reactor is indispensable. But since the gas
condition is high-temperature and high-pressure, a heat
exchanger is necessary for every stage, and since the concen-
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2

tration of CO participating in the reaction is high, it is very
difficult to maintain the temperature inside the reactor iso-
thermal using a huge amount of reaction heat generated dur-
ing reaction.

In addition, although WGS is a reaction not affected by
pressure, vaporization of water, which is important in WGS,
hardly occurs in the case of high pressure. Especially if the
temperature of synthetic gas is lowered by heat exchange, it is
all the more so. Therefore, in order to WGS-process the
synthetic gases obtained through coal gasification, it is pref-
erable to proceed with WGS reaction in a high-temperature
section as far as possible. However, because of thermody-
namic equilibrium of the WGS reaction, a disadvantage that
the CO conversion rate is not so high occurs at high tempera-
tures.

Furthermore, because the synthetic gases generated from
coal gasification are different in composition from the syn-
thetic gases obtained through a conventional SR reaction (a
natural gas modification reaction), the reaction heat gener-
ated through WGS is very high since a large quantity of CO
should be processed. Unless the reaction heat is removed
effectively, hot spots generate on the catalyst layer in the
reactor. Such temperature rise becomes a problem of not only
a deactivation of catalyst but also the CO conversion rate
decreasing due to thermodynamic equilibrium.

DISCLOSURE
Technical Problem

In consideration of the above-mentioned circumstances, it
is an object of the present invention to provide a micro-
channel WGS reaction device using a through-type metal
catalyst and a feed-through metal catalyst, whereby it is pos-
sible to rapidly remove the heat generated while high-con-
centration CO is processed in a single-stage WGS reaction
device in a high-temperature section in the water-gas shift
(WGS) reaction for before-combustion carbon capture and
storage (CCS) and hydrogen production from coal gasifica-
tion. The reaction heat generated while processing high-con-
centration CO can be speedily removed by applying a micro-
channel reactor having a heat transfer rate far higher than a
conventional ceramic catalyst and an excellent heat transfer
area.

Technical Solution

In order to accomplish the foregoing objects, according to
an embodiment of the present invention, there is provided a
micro-channel water-gas shift (WGS) reaction device includ-
ing: an upper plate including a heat transfer gas supply pipe
which is connected with a heat transter gas supply source to
supply a heat transfer gas, and a product gas discharge pipe
for discharging a product gas; a lower plate including a reac-
tant gas supply pipe which is connected with a reactant gas
supply source to supply a reactant gas, and a heat transfer gas
discharge pipe for discharging the heat transfer gas; an upper
heat transfer unit which is disposed under the upper plate and
includes an upper heat transfer gas flow path which is con-
nected with the heat transfer gas supply pipe to flow the heat
transfer gas, and an upper product gas flow path which is
formed in contact with the upper heat transfer gas flow path so
as to allow heat transfer therebetween, and connected with the
product gas discharge pipe; a lower heat transfer unit which is
disposed on the lower plate and includes a lower heat transfer
gas flow path which is connected with the heat transfer gas
discharge pipe to flow the heat transfer gas, and a lower



US 9,180,421 B2

3

reactant gas flow path which is formed in contact with the
lower heat transfer gas flow path so as to allow heat transfer
therebetween, and connected with the product gas supply
pipe; and at least one reaction units laminated between the
upper heat transfer unit and the lower heat transfer unit,
wherein the reaction unit, in order to be laminated in one or
more layers, includes: a gas supply plate on which a gas
supply channel for communicating only with the lower reac-
tant gas flow path is installed; a metal catalyst plate which is
laminated on the gas supply plate and has at least one metal
catalyst mounted thereon and at least one porous metal
retainer disposed under the metal catalyst; a gas transfer unit
which is laminated on the metal catalyst plate to transfer the
gas reacted with the metal catalyst to the upper product gas
flow path; and an endothermic plate which is disposed under
the gas supply plate or on upper side of the gas transfer unit
and has an endothermic channel for communicating the upper
heat transfer gas flow path with the lower heat transfer gas
flow path, and wherein the gas supply plate, the metal catalyst
plate, the gas transfer unit, and the endothermic plate include
first reaction through holes communicated with the upper
product gas flow path, second reaction through holes com-
municated with the upper heat transfer gas flow path, third
reaction through holes communicated with the lower reactant
gas flow path, fourth reaction through holes communicated
with the lower heat transfer gas flow path, respectively.

Herein, when the metal retainer including a plurality of
metal catalysts and a plurality of the metal retainer, these
metal catalysts and metal retainers are laminated alternately
to each other.

In addition, the upper heat transfer unit includes: at least
one upper heat transfer plates which have an upper heat
transfer channel communicated with the heat transfer gas
supply pipe to form the upper heat transfer gas flow path; and
at least one upper reaction gas plates which have an upper
reaction channel communicated with the product gas dis-
charge pipe to form the upper product gas flow path, and are
alternately laminated with the upper heat transfer plates,
wherein the upper heat transfer plates and the upper reaction
gas plates include first upper through holes to fourth upper
through holes formed at a position corresponding to the first
reaction through holes to fourth reaction through holes of the
reaction unit, and an upper shielding plate having the first
upper through holes and second upper through holes formed
therein is disposed at the lowermost side of the upper heat
transfer unit.

Further, the lower heat transfer unit includes: at least one
lower heat transfer plates which have a lower heat transfer
channel communicated with the heat transfer gas supply pipe
to form the lower heat transfer gas flow path; and at least one
lower reactant gas plates which have a lower reaction channel
communicated with the reactant gas supply pipe to form the
lower reactant gas flow path, and are alternately laminated
with the lower heat transfer plate, wherein the lower heat
transfer plates and the lower reactant gas plates include first
lower through holes to fourth lower through holes formed at
aposition corresponding to the first reaction through holes to
fourth reaction through holes of the reaction unit, and a lower
shielding plate having the third lower through holes and
fourth lower through holes formed therein is disposed at the
uppermost side of the lower heat transfer unit.

Further, the gas transfer unitincludes: a gas collection plate
which is disposed on the metal catalyst plate, and isolated
from the first reaction through holes to fourth reaction
through holes; and a gas transfer plate which is disposed on
the gas collection plate, and includes a gas transfer channel
communicated only with the first reaction through hole.
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Further, the gas transfer unit is a collection and transfer
plate which is disposed on the metal catalyst plate, and has
porous collection holes isolated from the second reaction
through hole to fourth reaction through holes, wherein the
porous collection holes are communicated with the first reac-
tion hole through a connecting channel.

Further, an O-ring is disposed on a lower side of the metal
catalyst plate, and the metal retainer is disposed on the O-ring.

Furthermore, a cross-sectional area of the porous collec-
tion hole is formed smaller than that of the metal catalyst.

Advantageous Effects

According to the present invention, it is possible to rapidly
remove the heat generated while high-concentration CO is
processed in a single-stage WGS reactor in a high-tempera-
ture section in the water-gas shift (WGS) reaction for before-
combustion carbon capture and storage (CCS) and hydrogen
production from coal gasification.

Because the present invention can substitute the WGS reac-
tion device that goes through double-stage processing of the
related art, it is possible to provide a WGS reaction device
with reduced installation space and installation costs as well
as high efficiency.

DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating a before-combustion
CO, capture and hydrogen separation process.

FIG. 2 is an exploded perspective view of a micro-channel
WSG reaction device according to a first embodiment of the
present invention.

FIG. 3 is an exploded perspective view of an upper heat
transfer unit of FIG. 1.

FIG. 4 is an exploded perspective view of a reaction unit of
FIG. 2.

FIG. 5 is a cross-sectional view of a WSG reaction plate in
which a metal catalyst and a metal retainer are installed of
FIG. 2.

FIG. 6 is an exploded perspective view of a lower heat
transfer unit of FIG. 2.

FIG. 7 is a perspective view illustrating an appearance of
the micro-channel WSG reaction device of FIG. 2 after bond-
ing.

FIG. 8 is a perspective view of an upper heat transfer plate
of the micro-channel WSG reaction device of FIG.

FIG. 9 is a perspective view of an upper reaction gas plate
of the micro-channel WSG reaction device of FIG. 2.

FIG. 10 is a perspective view of an upper shielding plate of
the micro-channel WSG reaction device of FIG. 2.

FIG. 11 is a perspective view of a lower shielding plate of
the micro-channel WSG reaction device of FIG. 2.

FIG. 12 is a perspective view of the metal retainer of the
micro-channel WSG reaction device of FIG. 2.

FIG. 13 is a perspective view of a collection and transfer
plate of the micro-channel WSG reaction device of FIG. 2.

FIG. 14 is a perspective view of the metal catalyst plate of
the micro-channel WSG reaction device of FIG. 2.

FIG. 15 is a perspective view of a gas supply plate of the
micro-channel WSG reaction device of FIG. 2.

FIG. 16 is an exploded perspective view of a modified
example of the micro-channel WSG reaction device of FIG. 2.

FIG. 17 is an exploded perspective view of another modi-
fied example of the micro-channel WSG reaction device of
FIG. 2.
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FIG. 18 is an exploded perspective view of amicro-channel
WSG reaction device according to a second embodiment of
the present invention.

FIG. 19 is an exploded perspective view of a reaction unit
of FIG. 18.

FIG. 20 is a cross-sectional view of a metal catalyst plate in
which a metal catalyst and an o-ring are installed of FIG. 18.

FIG. 21 is an exploded perspective view of a modified
example of the reaction unit shown in FIG. 4.

FIG. 22 is a photograph of a product in which the micro-
channel WSG reaction device of FIG. 2 is bonded.

FIG. 23 is an enlarged photograph of a porous metal cata-
lyst used in the micro-channel WSG reaction device of FIG.
22.

FIG. 24 is a graph illustrating experimental examples using
the micro-channel WSG reaction device according to the first
embodiment of the present invention.

BEST MODE

Hereinafter, preferable embodiments of the present inven-
tion will be described with reference to the accompanying
drawings. Referring to the drawings, like reference characters
designate like or corresponding parts throughout the several
views. In the embodiments of the present invention, a detailed
description of publicly known functions and configurations
that are judged to be able to make the purpose of the present
invention unnecessarily obscure are omitted.

As shown in FIG. 2, a micro-channel WSG reaction device
1000 using a feed-through metal catalyst according to a first
embodiment of the present invention includes a plurality of
laminated plates which are bonded by a method of diffusion
bonding, electric welding, arc welding, or the like to make a
compact shape as shown in FIG.

The micro-channel WSG reaction device 1000 includes an
upper plate 110 and a lower plate 120 which are disposed at
the uppermost side and the lowermost side thereof, respec-
tively.

In addition, an upper heat transfer unit 200 which absorbs
heat from a reaction gas by a thermal difference with a heat
transfer gas, and a reaction unit 300 in which WGS reaction
actively takes place, alower heat transfer unit 400 which heats
a reactant gas using the exhaust heat transfer gas to a tem-
perature sufficient for the WSG reaction thereof to occur are
disposed between the upper plate 110 and the lower plate 120.

In particular, as shown in FIG. 17, the present invention
discloses a unique structure for stacking a plurality of the
reaction units 300, which will be described below.

The upper plate 110 is provided with heat transfer gas
supply pipes 112 and 114 which are connected with a heat
transfer gas supply source (not shown) to supply the heat
transfer gases in the device, and a product gas discharge pipe
113 for discharging the reaction gas out of the device. The
heat transfer gas supply pipes 112 and 114 may be configured
of two heat transfer gas supply pipes 112 and 114 through
which the heat transfer gas and air are separately supplied, or
may be a single heat transfer gas supply pipe by omitting any
one of two.

Herein, the atmosphere or inert gases may be used as the
heat transfer gas.

The lower plate 120 is provided with a reactant gas supply
pipe 121 which is connected with a reactant gas supply source
(not shown) to supply the reactant gas in the device, and the
heat transfer gas discharge pipe 122 for discharging the heat
transfer gas out of the device.

The upper heat transfer unit 200 disposed under the upper
plate 110 includes an upper heat transfer gas flow path which
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is connected with the heat transfer gas supply pipes 112 and
114 to flow the heat transfer gas, and an upper product gas
flow path which is formed in contact with the upper heat
transfer gas flow path so as to allow heat transfer therebe-
tween, and connected with the product gas discharge pipe
113.

The upper heat transter unit 200 includes at least one upper
heat transfer plates 210 and 230 which have upper heat trans-
fer channels 215 and 235 communicated with the heat trans-
fer gas supply pipes 112 and 114 to form the upper heat
transfer gas flow path, and at least one upper reaction gas
plates 220 and 240 which have upper reaction channels 225
and 245 communicated with the product gas discharge pipe
113 to form the upper product gas flow path, and are alter-
nately laminated with the upper heat transfer plates 210 and
230. Further, an upper shielding plate 250 is disposed at the
lowermost side of the upper heat transfer unit 200.

The upper heat transfer plates 210 and 230 and the upper
reaction gas plates 220 and 240 include first to fourth upper
through holes formed therein, as shown in FIG. 3. The first
upper through holes 211, 221, 231 and 241, the second upper
through holes 212, 222, 232 and 242, the third upper through
holes 213, 223, 233 and 243, and the fourth upper through
holes 214, 224, 234 and 244 are isolated from each other, and
in the case that the micro-channel WSG reaction device 1000
has a rectangular cross section shape as shown in FIG. 2, it is
preferable that these upper through holes be arranged near
vertices of the rectangular structure in terms of heat transfer
efficiency. Therefore, when the upper heat transfer plates 210
and 230 and the upper reaction gas plates 220 and 240 are
laminated, the first to fourth upper through holes are arranged
in the same position up and down to form a tube shape.

Accordingly, the upper heat transfer channels 215 and 235
are communicated with the second upper through holes 212
and 232 and the fourth upper through holes 214 and 234,
while being isolated from first upper through holes 211 and
231 and the third upper through holes 213 and 233. In addi-
tion, the upper reaction channels 225 and 245 are communi-
cated with the first upper through holes 221 and 241 and the
third upper through holes 223 and 243, while being isolated
from the second upper through holes 222 and 242 and the
fourth upper through holes 224 and 244.

The upper shielding plate 250 only includes a first upper
through hole 251 and a second upper through hole 252.

As aresult, the upper heat transtfer gas flow path is formed
by the heat transfer gas supply pipes 112 and 114, the second
upper through holes 212, 222, 232 and 242, the fourth upper
through holes 214, 224, 234 and 244, the upper heat transfer
channels 215 and 235, and the second upper through hole 252
of the upper shielding plate 250. In addition, the upper prod-
uct gas flow path is formed by the product gas discharge pipe
113, the first upper through holes 211, 221, 231 and 241, the
third upper through holes 213, 223, 233 and 243, the upper
reaction channels 225 and 245, and the first upper through
hole 251 of the upper shielding plate 250.

The lower heat transfer unit 400 disposed on the lower plate
120 includes a lower heat transfer gas flow path which is
connected with the heat transfer gas discharge pipe 122 to
flow the heat transfer gas, and a lower reactant gas flow path
which is formed in contact with the lower heat transfer gas
flow path so as to allow heat transfer therebetween, and con-
nected with the reactant gas supply pipe 121.

The lower heat transfer unit 400 includes at least one lower
heat transfer plates 420 and 440 which have lower heat trans-
fer channels 425 and 445 communicated with the heat trans-
fer gas discharge pipe 122 to form the lower heat transfer gas
flow path, and at least one lower reactant gas plates 430 and
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450 which have lower reaction channels 435 and 455 com-
municated with the reactant gas supply pipe 121 to form the
lower reactant gas flow path, and are alternately laminated
with the lower heat transfer plate 420 and 440. Further, a
lower shielding plate 410 is disposed at the uppermost side of
the lower heat transfer unit 400.

The lower heat transfer plates 420 and 440 and the lower
reactant gas plates 430 and 450 include first to fourth lower
through holes formed therein, as shown in FIG. 6. The first
lower through holes 421, 431, 441 and 451, the second lower
through holes 422, 432, 442 and 452, the third lower through
holes 423, 433, 443 and 453, and the fourth lower through
holes 424, 434, 444 and 454 are isolated from each other, and
in the case that the micro-channel WSG reaction device 1000
has a rectangular cross section shape as shown in FIG. 6, it is
preferable that these lower through holes be arranged near
vertices of the rectangular structure in terms of heat transfer
efficiency. Therefore, when the lower heat transfer plates 420
and 440 and the lower reactant gas plates 430 and 450 are
laminated, the first to fourth lower through holes are arranged
in the same position up and down to form a tube shape.

Accordingly, the lower heat transfer channels 425 and 445
are communicated with the second lower through holes 422
and 442 and the fourth lower through holes 424 and 444,
while, being isolated from the first lower through holes 421
and 441 and the third lower through holes 423 and 443. In
addition, the lower reaction channels 435 and 455 are com-
municated with the first lower through holes 431 and 451 and
the third lower through holes 433 and 453, while being iso-
lated from the second lower through holes 432 and 452 and
the fourth lower through holes 434 and 454.

The lower shielding plate 410 only includes a third lower
through hole 413 and a fourth lower through hole 414.

As aresult, the lower heat transfer gas flow path is formed
by the heat transfer gas discharge pipe 122, the second lower
throughholes 422,432, 442 and 452, the fourth lower through
holes 424, 434, 444 and 454, the lower heat transfer channels
215 and 235, and the fourth lower through hole 414 of the
lower shielding plate 410. In addition, the lower reactant gas
flow path is formed by the reactant gas supply pipe 121, the
first lower through holes 421, 431, 441 and 451, the third
lower through holes 423, 433, 443 and 453, the lower reaction
channels 435 and 455, and the third lower through hole 413 of
the lower shielding plate 410.

The reaction unit 300 has a structure that can be laminated
in two or more layers, as shown in FIG. 4. For this, the
reaction unit 300 includes a gas supply plate 360 on which a
gas supply channel 365 for communicating only with the
lower reactant gas flow path is installed, a metal catalyst plate
350 which is laminated on the gas supply plate 360 and has a
metal catalyst 330 mounted thereon, a gas transfer unit which
is laminated on the metal catalyst plate 350 to transfer the
reaction gas after completion of the WGS reaction with the
metal catalyst 330 to the upper product gas flow path, and an
endothermic plate 310 which is disposed under the gas supply
plate 360 or on the lower gas transfer unit and has an endot-
hermic channel 315 for communicating the upper heat trans-
fer gas flow path with the lower heat transter gas flow path.

The gas supply plate 360, the metal catalyst plate 350, the
gas transfer unit, and the endothermic plate 310 include first
reaction through holes 311, 321, 351 and 361 communicated
with the upper product gas flow path, second reaction through
holes 312, 322, 352 and 362 communicated with the upper
heat transfer gas flow path, third reaction through holes 313,
323, 353 and 363 communicated with the lower reactant gas
flow path, fourth reaction through holes 314, 324, 354 and
364 communicated with the lower heat transfer gas flow path,
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respectively. As a result, when bonding the reaction unit 300,
the first to fourth reaction through holes are disposed at the
same position up and down to form a tube shape.

Accordingly, all of the first to fourth reaction through
holes, the first to fourth upper through holes, and the first to
fourth lower through holes may be disposed at the same
position.

Inthe endothermic plate 310, the endothermic channel 315
is communicated with the second reaction through hole 312
and the fourth reaction through holes 314, while being iso-
lated from the first reaction through hole 311 and the third
reaction through holes 313.

In the gas supply plate 360, the gas supply channel 365 is
communicated only with the third reaction through hole 363,
and isolated from the first reaction through hole 361, the
second reaction through hole 362, and the fourth reaction
through hole 364.

In addition, a porous metal retainer 340 is disposed in a
catalyst hole 355 formed in the center of the metal catalyst
plate 350 under the metal catalyst 330. The metal retainer 340
may be formed so as to have a structure in which an upper grill
and a lower grill are vertically intersected with each other, as
shown in FIG. 12. This metal retainer 340 may be fabricated
by adhering masks on top and bottom of a metal disc and
etching the same. Preferably, the metal retainer 340 and the
metal catalyst 330 protrude from the metal catalyst plate 350
before bonding, and have the same height with the upper
surface of the metal catalyst plate 350 by pressing with a
compression force during bonding, thereby improving the
contact efficiency of the metal catalyst 330.

It is possible to use the metal catalyst 330 with a thickness
01'0.3 to 3.0 mm which is molded by pressing nickel powder
(average particle diameter of 2.0 um) at 100 to 800 kgf/cm?.
The molded body is sintered at 500 to 900° C. for 1 to 5 hours
under an atmosphere of hydrogen gas to provide a desired
strength. Preferably, the metal catalyst 330 has a porous struc-
ture, as shown in FIG. 23.

Further, a plurality of metal catalysts 330 and a plurality of
the metal retainers 340 are laminated alternately to each other
depending on the flow rate of the inflowing synthesis gas and
the concentration of CO, as shown in FIGS. 2 and 4. That is,
the metal retainer 340 is positioned on the lowermost side and
the metal catalyst 330 is positioned on the uppermost side
thereof. It is possible to decrease the contention of CO in the
gas after completion of WGS reaction to 1% or less by alter-
nately laminating the metal catalyst 330 and the metal
retainer 340. In addition, the thickness of the metal catalyst
plate 350 increases in proportion to the number of the lami-
nated metal catalyst 330 and metal retainer 340. For configu-
ration of the metal catalyst 330 and the metal retainer 340,
only one metal catalyst 330 and one metal retainer 340 may be
used, as shown in FIG. 16.

That is, the number of the Laminated metal catalyst 330
and metal retainer 340 may vary depending on the heat trans-
fer amount necessary for reaction, flow rate, pressure, and
composition of the reactant gas or the like.

In addition, the gas transfer unit includes a gas collection
and transfer plate 320 which is disposed on the metal catalyst
plate 350 and has porous collection holes 325 isolated from
the second to fourth reaction through holes 322, 323 and 324.
The porous collection holes 325 are communicated with the
first reaction through hole 321 through a connecting channel
326. As described above, the porous collection holes 325 and
the connecting channel 326 may be fabricated by partial
etching using a mask.

It is preferable that the cross-sectional area of the porous
collection holes 325 be formed smaller than that of the metal
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catalyst 330, thereby preventing reaction gas which is not
passed through the metal catalyst 330 from being flowed out.

The micro-channel WSG reaction device 1000 according
to the first embodiment of the present invention is configured
basically as described above. The micro-channel WSG reac-
tion device 1000 having the above configuration may have the
shape shown in FIG. 7 by bonding. In addition, FIG. 22 shows
a photograph of the practically manufactured micro-channel
WSG reaction device 1000.

FIG. 17 shows a micro-channel WSG reaction device 1002
which is a modified example of the micro-channel WSG
reaction device 1000 according to the first embodiment of the
present invention and has a plurality of reaction units 300.

As described above, when bonding the reaction unit 300,
the first to fourth reaction through holes are disposed at the
same position up and down to form a tube shape in the
reaction unit 300. Accordingly, even if the reaction units 300
are laminated, it is possible to form a continuously connected
tube shape. Finally, since the heat transfer gas flows only
through the endothermic plate 310 due to the upper shielding
plate 250 of the upper heat transfer unit 200 disposed on an
upper side of the plurality of reaction units 300 and the lower
shielding plate 410 of the lower heat transfer unit 400 dis-
posed on a lower side of the plurality of reaction units 300,
and the reaction gas flows only through the metal catalyst 330,
it is possible to laminate the reaction units 300.

Accordingly, even if the endothermic plate 310 is disposed
at any one of the lower side of the gas supply plate 360 or the
upper side of the collection and transfer plate 320, an identical
effect is obtained by continuously laminating the reaction
units 300.

FIGS. 18 to 21 show a micro-channel WSG reaction device
2000 according to a second embodiment of the present inven-
tion. The configuration parts corresponding to the micro-
channel WSG reaction device 1000 of the first embodiment
have the same reference numbers, and a detailed description
thereof will be omitted.

The micro-channel WSG reaction device 2000 of the sec-
ond embodiment is different from the micro-channel WSG
reaction device 1000 of the first embodiment in terms of
installation form of a metal catalyst 530. That is, in the micro-
channel WSG reaction device 2000 of the second embodi-
ment, an O-ring 540 is disposed under the metal catalyst 530
to provide a pressing force for sealing the reactant gas and
closely contacting the metal catalyst 530 to the lower side of
a collection and transfer plate 520. The O-ring 540 is made of
metallic material, and is pressed and deformed in an assembly
stage of the device to closely contact an inner wall of a
catalyst hole 555 formed in a metal catalyst plate 550
mounted on a gas supply plate 560, thereby preventing the
reaction gas from being leaked between the metal catalyst 530
and the collection and transfer plate 520. The cross-sectional
shape of the O-ring 540 is not limited, but may be formed in
a circle in the second embodiment of the present invention.
Accordingly, the sum of the thickness of the O-ring 540 and
the metal catalyst 530 are larger than the thickness of the
catalyst hole 555 before assembly, an become the same as the
thickness of the catalyst hole 555 during assembling, thus it is
possible to provide a sufficient tightness due to the O-ring
540.

FIG. 21 shows a reaction unit 600 which is a modified
example of the reaction unit 300 in the micro-channel WSG
reaction device 1000 according to the first embodiment of the
present invention. The configuration parts corresponding to
the micro-channel WSG reaction device 1000 of the first
embodiment have the same reference numbers, and a detailed
description thereof will be omitted.
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The reaction unit 600 includes a gas collection plate 630 for
providing a gas collecting function to the gas transfer unit,
and a gas transfer plate 620 having a gas transferring function.
These are two separated functions of the collection and trans-
fer plate 320 of the first embodiment.

The gas collection plate 630 includes porous collection
holes 635 which are formed in the center portion thereof, and
isolated from first to fourth reaction through holes 631, 632,
633 and 634. In addition, the gas transfer plate 620 has an
inverted shape of a gas supply plate 670 and includes a gas
transfer channel 625 formed thereon. The gas transfer chan-
nel 625 is communicated only with the first reaction through
hole 621, while being isolated from the second to fourth
reaction through holes 622, 623 and 624. The gas transfer
channel 625 has a function of collecting the reaction gas
supplied from the porous collection holes 635 and transfer-
ring the collected reaction gas to the first reaction through
hole 621.

Next, an experimental example for measuring the perfor-
mance of the micro-channel WSG reaction device 1000 will
be described.

To facilitate the reaction, the metal catalyst 330 is activated
under the hydrogen gas for 30 minutes at 450° C. before
reaction. A gas having a composition of 60% CO, 36% H,,
and 4% Ar (a ratio of stream/C: 3.0) was used as the reaction.

Gas hourly space velocity (GHSV) of 20000 h™* at normal
atmospheric pressure was set as an experimental condition.
The experimental results are shown in FIG. 24. In the graph of
FIG. 24, a bright gray bar represents the CO conversion rate,
and dark gray bar represents the methane (CH,,) selectivity.

The equilibrium conversion rate is 95.2%, 94.2%, and
91.4% at380° C., 400° C., and 450° C., respectively, while all
methane selectivity is relatively small less than 1%.

It is confirmed that the reaction heat generated during the
reaction can effectively removed by using the micro-channel
WSG reaction device 1000 according to the first embodiment
of'the present invention, and as a result the CO conversion rate
at each temperature can be reached to the equilibrium con-
version rate of WGS reaction.

Although the present invention has been described in con-
nection with the exemplary embodiments illustrated in the
drawings, it is only illustrative. It will be understood by those
skilled in the art that various modifications and equivalents
can be made to the present invention. Therefore, the true
technical scope of the present invention should be defined by
the appended claims.

DESCRIPTION OF REFERENCE NUMERALS IN
DRAWINGS

10: gasification reactor, 20 desulfurization device

30: high-temperature water gas transition reactor,

40 low-temperature water gas transition reactor

50: hydrogen/carbon dioxide separation plate

110: upper plate, 112, 114: heat transfer gas supply pipe

113: product gas discharge pipe, 120: lower plate

121: reactant gas supply pipe, 122: heat transfer gas dis-
charge pipe

200: upper heat transfer unit, 210, 230: upper heat transfer
plate

211, 221, 231, 241: first upper through hole, 212, 222, 232,
242: second upper through hole

213, 223, 233, 243: third upper through hole, 214, 224,
234, 244: fourth upper through hole

215, 235: upper heat transfer channel, 220, 240: upper
reaction gas plate
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225, 245: upper reaction channel, 250: upper shielding
plate
300, 500, 600: reaction unit, 310, 510, 610: endothermic
plate

311, 321, 351, 361, 511, 521, 551, 561, 611, 621, 631, 661,
671: first reaction through hole

312, 322,352,362, 512,522,552,562, 612, 622, 632, 662,
672: second reaction through hole

313,323, 353,363, 513, 523,553,563, 613, 623, 633, 663,
673: third reaction through hole

314, 324,354,364, 514, 524,554,564, 614, 624, 634, 664,
674: fourth reaction through hole

315, 515, 615 endothermic channel, 320, 520: collection
and transfer plate

325, 525, 635: porous collecting holes, 326, 526: connect-
ing channel

330,530, 640: metal catalyst, 340, 532, 650: metal retainer

350, 550, 660: metal catalyst plate, 355, 555, 665: catalyst
hole

360, 560, 670: gas supply plate, 365, 565: gas supply
channel

400: lower heat transfer unit, 410: lower shielding plate

420, 440: lower heat transfer plate, 421, 431, 441, 451 first
lower through hole

422, 432, 442, 452: second lower through hole, 423, 433,
443, 453: third lower through hole

424, 434, 444, 454: fourth lower through hole, 425, 445
lower heat transfer channel

430, 450 lower reactant gas plate, 435, 455: lower reaction
channel

540: O-ring, 625: gas transfer channel

1000, 1001, 1002, 2000: micro-channel WSG reaction
device

The invention claimed is:

1. A micro-channel water-gas shift (WGS) reaction device

comprising:

an upper plate including a heat transfer gas supply pipe
which is connected with a heat transfer gas supply
source to supply a heat transfer gas, and a product gas
discharge pipe for discharging a product gas;

a lower plate including a reactant gas supply pipe which is
connected with a reactant gas supply source to supply a
reactant gas, and a heat transfer gas discharge pipe the
discharging the heat transfer gas;

an upper heat transfer unit which is disposed under the
upper plate and includes an upper heat transfer gas flow
pathwhich is connected with the heat transfer gas supply
pipe to flow the heat transfer gas, and an upper product
gas flow path which is formed in contact with the upper
heat transfer gas flow path so as to allow heat transfer
therebetween, and connected with the product gas dis-
charge pipe;

a lower heat transfer unit which is disposed on the lower
plate and includes a lower heat transfer gas flow path
which is connected with the heat transfer gas discharge
pipe to flow the heat transfer gas, and a lower reactant
gas flow path which is formed in contact with the lower
heat transfer gas flow path so as to allow heat transfer
therebetween, and connected with the product gas sup-
ply pipe; and

at least one reaction unit laminated between the upper heat
transfer unit and the lower heat transfer unit,

wherein the at least one reaction unit, in order to be lami-
nated in one or more layers, includes:

a gas supply plate on which a gas supply channel for
communicating only with the lower reactant gas flow
path is installed;
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a metal catalyst plate which is laminated on the gas supply
plate and has at least one metal catalyst mounted thereon
and at least one porous metal retainer disposed under the
metal catalyst;

a gas transfer unit which is laminated on the metal catalyst
plate to transfer the reactant gas reacted with the metal
catalyst to the upper product gas flow path; and

an endothermic plate which is disposed under the gas sup-
ply plate or the upper gas transfer unit and has an endot-
hermic channel for communicating the upper heat trans-
fer gas flow path with the lower heat transfer gas flow
path, and

wherein the gas supply plate, the metal catalyst plate, the
gas transfer unit, and the endothermic plate include first
reaction through holes communicated with the upper
product gas flow path, second reaction through holes
communicated with the upper heat transfer gas flow
path, third reaction through holes communicated with
the lower reactant gas flow path, fourth reaction through
holes communicated with the lower heat transfer gas
flow path, respectively.

2. The device according to claim 1, wherein, when the
metal catalyst plate includes a plurality of metal catalysts and
a plurality of the metal retainer, these metal catalysts and
metal retainers are laminated alternately to each other.

3. The device according to claim 1, wherein the upper heat
transfer unit comprises:

at least one upper heat transfer plate which has an upper
heat transfer channel communicated with the heat trans-
fer gas supply pipe to form the upper heat transfer gas
flow path;

at least one upper reaction gas plate which has an upper
reaction channel communicated with the product gas
discharge pipe to form the upper product gas flow path,
and are alternately laminated with the at least one upper
heat transfer plate,

wherein the at least one upper heat transfer plate and the at
least one upper reaction gas plate include first upper
through holes formed at a position corresponding to the
first reaction through holes to fourth reaction through
holes of the reaction unit, and

an upper shielding plate having the first upper through
holes and second upper through holes formed therein is
disposed at the lowermost side of the upper heat transfer
unit.

4. The device according to claim 1, wherein the lower heat

transfer unit comprises:

at least one lower heat transfer plate which has a lower heat
transfer channel communicated with the heat transfer
gas supply pipe to form the lower heat transfer gas flow
path; and

at least one lower reactant gas plate which has a lower
reaction channel communicated with the reactant gas
supply pipe to form the lower reactant gas flow path, and
are alternately laminated with the lower heat transfer
plate,

wherein the at least one lower heat transfer plate and the at
least one lower reactant gas plate include first lower
through holes to fourth lower through holes formed at a
position corresponding to the first reaction through holes
to fourth reaction through holes of the reaction unit, and

alower shielding plate having the third lower through holes
and fourth lower through holes formed therein is dis-
posed at the uppermost side of the lower heat transfer
unit.

5. The device according to claim 1, wherein the gas transfer

unit comprises:
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a gas collection plate which is disposed on the metal cata-
lyst plate, and isolated from the first reaction through
holes to fourth reaction through holes; and

a gas transfer plate which is disposed on the gas collection
plate, and includes a gas transfer channel communicated
only with the first reaction through hole.

6. The device according to claim 1, wherein the gas transfer
trait is a collection and transfer plate which is disposed on the
metal catalyst plate, and has porous collection holes isolated
from the second reaction through holes to fourth reaction
through holes, wherein the porous collection holes are com-
municated with the first reaction hole through a connecting
channel.

7. The device according to claim 1, wherein an O-ring is
disposed on a lower side of the metal catalyst plate, and the at
least one metal retainer is disposed on the O-ring.

8. The device according to claim 6, wherein a cross-sec-
tional area of the porous collection holes are formed smaller
than that of the metal catalyst.

#* #* #* #* #*
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